Flare events are mainly due to magnetic reconnection and thus are indicative of stellar activity. The Kepler Space Observatory records numerous stellar activities with unprecedented high photometric precision in flux measurements. It is perfectly suitable for carrying out a statistical study of flares. Here we present 540 M dwarfs with flare events discovered using Kepler long-cadence data. The normalized flare energy, as defined by the ratio to bolometric stellar luminosity, L L flare bol , is used to indicate the flare activity. We find that, similar to the X-ray luminosity relation, the L L flare bol versus P rot relation can also be described with three phases, supersaturation, saturation, and exponential decay, corresponding to an ultra-short period, a short period, and a long period. The flare activity and the number fraction of flaring stars in M dwarfs rise steeply near M4, which is consistent with the prediction of a turbulent dynamo. The size of starspots are positively correlated with flare activity. The L L flare bol ratio has a power-law dependence on L L H bol a , a parameter indicative of stellar chromosphere activity. According to this relation, a small enhancement in chromosphere activity may cause a huge rise in flare energy, which suggests that superflares or hyperflares may not need an extra excitation mechanism. Through a comparison study, we suggest that flare activity is a more suitable indicator for stellar activity, especially in the boundary region. However, contrary to what is expected, some M dwarfs with strong flares do not show any light variation caused by starspots. Follow-up observations are needed to investigate this problem.
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Introduction
Flares are intense energy outburst events on the stellar surface lasting for hours. The rapid rise of the flux has been observed in a wide range in wavelengths from radio to gamma-ray (Benz & Güdel 2010 ). On our Sun, it is well known that flares are energy releases of the magnetic field reconnections in the outer atmosphere with energies ranging from 10 to 10 29 32 erg. However, Maehara et al. (2012) found that, on other solar-like stars, the released energy could exceed 1000 times that on the Sun. The cooler stars such as K and M dwarfs also show similar, surprisingly energetic flares (Kowalski et al. 2013) . Superflares on the most active stars, M dwarfs, are common and have been widely studied (e.g., Walkowicz et al. 2011; Hawley et al. 2014; Chang et al. 2017) . During these flare events, the total energy could be more than 10 34 erg, accompanied by chromospheric and coronal emission lines. For those super energy release events, other explanations with respect to the flare mechanism are also possible, such as disruption of the interconnecting field lines for the RS CVn binary (Simon et al. 1980 ) and the enhanced dynamo action by tidal interaction in the star-planets system (Rubenstein & Schaefer 2000; Ip et al. 2004) . Flares, as well as emission line variations play an important role in stellar activity, and thus it is interesting to study the relation between light variation and spectral features. Kowalski et al. (2010) observed enhanced continuum and Balmer emission lines when the flare occurs and fitted the continuum well with a T * ∼10,000K blackbody radiation model. Similar results have been found in several works (e.g., Mochnacki & Zirin 1980; Kretzschmar 2011) .
The most important factor responsible for stellar activity is a magnetic field (e.g., Parker 1979) , which can leave clues in the corona, chromosphere, and photosphere. Previous studies based on the Hα and CaII emission lines as well as the coronal X-ray emission found that the stellar activity had a close relation with rotational period and convective envelope depth (e.g., Reiners 2012) . Moreover, the saturation regime is presented in the relationship between the indicator of stellar activity and the period or Rossby number (Pizzolato et al. 2003; Wright et al. 2011) , although its nature is under debate.
Flares, as the result of magnetic reconnection, could also be indicative of stellar activity. For active stars, flares are very common and their statistical properties are a good proxy for stellar activity. Such studies have been supported by a wealth of data from the Kepler program . The Kepler satellite is designed to obtain high-precision and longbaseline light curves of numerous stars. It has ushered in a new era of stellar photometric investigation, enabling light-curve analysis with unprecedented precision: about 0.1 mmag for a star of 12 mag . Since Kepler monitors many stars simultaneously, the mission has yielded light curves for 200,000 stars with over four years of continuous observations. These light curves provide unique opportunities to study stellar activities such as statistical properties of the stellar flares, and the periodic variations that can be attributed to starspots rotating across the visible hemisphere.
Recent research (e.g., Maehara et al. 2012; Shibayama et al. 2013) used Kepler data to investigate the G-type star superflares and found that the occurrence rate of flares satisfied a power-law relation, i.e., dN dE Ẽ a -with 2. a~The flare energy ranges from ∼10 31 to 10 36 erg, and the periodic light curve suggested the existence of starspots. Hawley et al. (2014) obtained a similar a index using five M dwarfs and reported the strong correlation between flare energy, amplitude, duration, and decay time.
The mechanism to generate and maintain the magnetic field, i.e., stellar dynamo, has been extensively discussed. The early M dwarfs, which retain a radiative core, presumably have a solar-type dynamo, while the mid-M dwarfs, which are fully convective, have a turbulent dynamo (e.g., Wright et al. 2011) . The two dynamos result in a lot of differences in observations. For example, stronger, and more stable poloidal magnetic fields are reported in the turbulent dynamo while the solar-type dynamo exhibits a weak, toroidal field with a large-scale structure Morin et al. 2008) . The largescale fields contribute at most 15% of the total magnetic flux (Reiners & Basri 2009) . As a result, it is believed that as the stellar structure becomes fully convective near M4, the level of stellar activity will increase steeply. On the other hand, the inactive stars without observable Hα emission activity exhibit active flares (Hilton 2011) , and the hot A-type stars that are expected to have no convection envelopes are also reported to present flares (Balona 2012). These observations imply possibly different mechanisms for stellar flares.
As many flares in late-type stars are found in the Kepler data, it is interesting to study the flare mechanisms and their possible relation with other indicators of stellar activity. In this work, we investigate the statistical properties of flares on the most active stars, M-type dwarfs, and try to discern the different mechanism of flares. In Section 2, we provide light curves and spectra and describe the method of analysis. In Section 3, the main results of statistical analysis are presented and discussed. We then elucidate implications for the possible physical mechanism of flares in Section 4 and present our summary in Section 5.
Data and Analysis Method

The Kepler and LAMOST Data
The Kepler satellite carries an optical telescope with a 95 cm aperture and 105 deg 2 field of view (about 12°diameter), which is in Cygnus, Lyra, and Draco. Since it aimed to search for exoplanets by finding planetary transit events, Kepler is designed to obtain unprecedented precision and continuous white light curves. The precision for the bright targets (V=9-10) approaches 10 ppm and 100 ppm even for faint targets (V=13-14). Our work is based on the entire Kepler mission data set (Q1-Q17; 48 months; Data Release 25). It supplies two kinds of time resolution data, which are longcadence (LC) data with about a thirty-minute sampling interval and short-cadence (SC) data with about one-minute sampling interval. LC data can be used to study flares lasting longer than an hour, while it is not suitable to study shorter flares or the detailed shape of the flares (Balona 2015) . However, the profiles of the flares in the SC and LC data are similar. Their durations and energies are in agreement within the errors (Shibayama et al. 2013) . Thus LC data grasp the basic properties of flares. SC data is more suitable for the study of stellar flares, but there are only about 4800 sources with SC data, and usually with rather short time coverage (mostly about two months). Because our purpose is to study the statistical properties of the flare energy, and the contribution of the shortlived flares to the energy statistics is small, LC data spanning up to 17 quarters of observation are chosen while SC data will be a valid supplement. Kepler provides uncorrected simple aperture photometry (SAP) and pre-search data conditioning (PDC) in which instrumental effects are removed. However, PDC data could also remove some outliers that may be flare peaks, and detrend the long periodic variation caused by starspot rotation, therefore, SAP data are utilized in our research, as is done in Balona (2015) and Davenport (2016) .
The physical parameters of most Kepler targets such as effective temperatures, surface gravities, and stellar radius have originally been obtained through multi-color photometry, and listed in the Kepler Input Catalog (KIC; Brown et al. 2011 ). However, their inconsistency with the stellar theory and observations are frequently reported (e.g., Verner et al. 2011; Batalha et al. 2013; Dressing & Charbonneau 2013; Everett et al. 2013) , and the continuous revised stellar properties are proposed. These revisions are based on broadband photometry, asteroseismology, spectroscopy, exoplanet transits, and other references. Now it becomes a more reliable catalog (Huber 2014; Huber et al. 2014; Mathur 2016) . KIC also gives the position and star numbers for each target, which are used in our study for cross-matching and contamination examination. Given that the aim of this study is to detect flares on M-type dwarfs, we select targets where the temperature T 3000 K 4000 K < < and the surface gravity log g>4.0. The temperature and surface gravity error bars are, respectively,±200 K and±0.1, according to Brown et al. (2011) . Finally, the number of the selected stars are 4664.
In order to make spectroscopic studies of our targets, we also used the Large Sky Area Multi-Object Fibre Spectroscopic Telescope 9 (LAMOST, Su et al. 1998; Cui et al. 2012 ) for the observations. LAMOST is a medium aperture (4-6 m) optical telescope designed to mainly carry out spectral surveys of the northern sky stars in the Milky Way, distant galaxies, and QSOs. It well covers the Kepler fields considered in our study. The Kepler-LAMOST synoptic project was proposed by De Cat et al. (2015) to provide a database for both the study of stellar light variation and spectroscopy. The spectral resolution of LAMOST is R 1800 and wavelength coverage is ∼3700-9000 Å. A cross-identification between the catalog of LAMOST Data Release4 (A. Luo et al. 2017, in preparation) and the Kepler archive was made with a tolerance of <3″ in coordinates. As the Hα line in the spectrum was used in this work, the threshold signal-to-noise ratio (S/N) in the r and i bands is set to be 10.
Flare Detection
A flare is an intense light -curve variation with rapid rise and relatively slow decay, which can be detected as an outlier against the continuum flux. Based on this character, there are various flare detection algorithms (Walkowicz et al. 2011; Osten et al. 2012; Davenport 2016; Gao et al. 2016) , in which the first step is to detrend the light curve, i.e., to remove the continuum flux with an appropriate median filter. Moreover, the flaring stars often have apparent periodic light variations caused by starspots. Most of their periods are given by McQuillan et al. (2014) and Reinhold et al. (2013) , and the rest are calculated with the Lomb-Scargle algorithm. In our work, a high-order B spline function (Press 1992) was used to fit the data in each quarter, with an iterative σ-clipping approach applied to remove possible flares before fitting the continuum. The filter width of the fit points is determined to be one-tenth of the rotational period, and we set its upper limit to be one day because of two reasons: (i) according to our statistic records, the duration of flare peaks do not exceed 12 hr (24 points); (ii) if the filter width is large, there could be some instrumental effects and relatively short-period variation in the long-period stars that may be mistaken for flares. If the M dwarfs do not have apparent periods, we set their filter widths to be one day. There are many discontinuities caused by instrumental errors in some quarters such as the well-known discontinuity in Q2 (Coughlin et al. 2016) . These inner discontinuities are divided into blocks for fits to avoid the differences in flux (Davenport 2016) .
Due to the large data set, the robovetting procedure of flares was applied first. It is known that there are some isolated points either caused by instrumental effects or by cosmic rays. Therefore, in order to distinguish these outliers from real flares, we defined two consecutive points above 3σ in the remaining curve as the beginning of a flare, and the last continuous point higher than 1σ as the end of a flare. Panel (d) of Figure 1 shows an example of auto-searching of the flares. There were three apparent peaks that were not marked as flares, whose details are illustrated in panels (a), (b), and (c), because there was only one point higher than 3σ of the remaining light curve.
After the robovetting procedure, it is necessary to check all the flares by eye. According to the main principle that the flares identified by the robovetter and by eye should be mostly similar, we may fine tune the filter width for some stars and exclude the outliers without the impulsive rise/exponential decay light-curve shape. About 2000 flare candidates with symmetrical profiles (e.g., Figure 1 , panel e) were ruled out.
Moreover, Shibayama et al. (2013) pointed out that, if the period is comparable to the timescale of flare duration, it is possible to detrend the flares. This problem is significant in the short-period (<0.5 day) stars because of two reasons: (i) the periodic variation of the light curve is comparable to the durations of some long flares; (ii) the fast rotating M dwarfs often have strong starspots that result in light variations with large amplitudes, and weak flares that may be treated as the quiescent stellar fluxes (i.e., the local continuum) through slightly different fitting. In our view, the best method to identify the flares in those stars is to check by eye. In our samples, there are several flaring M dwarfs with periods shorter than 0.5 day. All the light curves were checked manually.
The manual check mainly emphasized two issues. (i) For the strong flares lasting more than 3 hr, we reconstructed their quiescent fluxes using the neighboring periodic light curves.
An example of this is shown in panel (f) of Figure 1. (ii) For the weak flare candidates located in the segments where the quiescent fluxes changed rapidly, we tried to reconstruct the quiescent fluxes using the neighboring data points, and determine the location of the flare through the optimum fit and according to our experiences. As shown in panel (g) of Figure 1 , the flare profile largely depends on the continuum fit and it is hard to distinguish whether a small peak is due to a real flare or a starspot. Therefore, we adopted a conservative criteria for the marginal cases.
It should be noted that the flare detection procedure has several stages with heuristic choices that are based on our experiences. Therefore, the resulting flare catalog, are essentially not reproducible.
Contamination Check
The typical photometric aperture of Kepler has a radius of 4-7 pixels (Bryson et al. 2010) . It is thus quite common for a given target star to be contaminated by nearby objects, given that some sources are very close to each other on Keplerʼs CCDs. About 10% of flare candidates are probably untrue due to various reasons (Shibayama et al. 2013; Gao et al. 2016) . In order to avoid these false events, we checked for possible contamination following these three steps.
(1) 55 flaring dwarfs with field stars located within 12″were excluded (Shibayama et al. 2013) .
(2) The Kepler eclipsing binary catalog (KEB; 10 released on 2016 November 29) includes more than 2800 binary stars. Nine of them were removed from our sample. Admittedly, some sources in the KEB catalog are probably giants, sometimes inflated planets (Faigler et al. 2013) . KIC 11548140 has been reported to present a "V" shape when a transit occurs (Batalha et al. 2013) . It is flagged as a planet candidate in the NASA Exoplanet Archive 11 (Akeson et al. 2013) . It is more likely to be a hot Jupiter that exhibits planet reflection and/or thermal emission (Coughlin et al. 2016) . We decided to drop a small number of flaring M dwarfs with planets so that no possible contamination of eclipsing binaries will be introduced into our samples.
(3) The contamination from other stars might cause centroid offset on a pixel image. Here we adopted the approach of Coughlin et al. (2016) to detect centroid offsets of transit signals. This procedure includes the following. (i) A difference/residual image is created by subtracting the quiescent frame (i.e., the image before the flare occurs) from the image with peak flares. (ii) We check whether this residual image contains a discernible star and whether it is dominated by the background noise. This was done by searching for at least three adjacent pixels with emission above a given threshold, which was defined by the noise level of the image. An iterative σ-clipping approach was used to eliminate bright pixels for calculating the background noise . (iii) We checked whether the location of the brightest pixels in a residual image coincides with that of the target star. If our objectives were not met in steps (ii) and (iii), the flare candidate would be discarded. About 4700 flare events were removed. Figure 2 shows an example of a contamination check for the event KIC 2300039.
Energy Estimate
We estimated the flare energy with the method proposed by Shibayama et al. (2013) that utilizes the stellar luminosity and flare amplitude and duration. Mochnacki & Zirin (1980) and Kretzschmar (2011) , respectively, found that the white light flare on an M dwarf can be described by a blackbody radiation model with the effective temperature of 9000K. Therefore, the bolometric flare luminosity L flare can be calculated from the . The black line is the observed stellar flux, the blue line is the continuum fit, and the red line marks the stellar flare. Panel (d) shows a complete section of a light curve to demonstrate the robovetting procedure; in this curve, there are three emission peaks that are not marked as flares, and panels (a), (b), and (c) are the zoom-in of them. The three emission peaks all have only one data point ∼3σ above the local continua. Panel (e) shows a flare candidate with a symmetric profile that was excluded in this study. Panel (f) shows a flare whose duration is a considerable portion of the star's rotation rate. Panel (g) shows the identification and fit of a very weak flare event.
Stefan-Boltzmann law,
where SB s is the Stefan-Boltzman constant. T flare is the effective temperature assumed to be 9000K in this study. A flare is the area of the flare, and according to Shibayama et al. (2013) , it can be estimated by the ratio of flare luminosity and stellar luminosity using L flare can be estimated from Equations (1) and (2). The total bolometric energy of a superflare (E flare ) is an integral of L flare over the whole duration as shown in the equation:
It should be noted that Shibayama et al. (2013) estimated the total uncertainty in flare energy to be±60%.
Indicator of Stellar Activity
The main purpose of our work is to study flare energy and stellar activity on the M dwarfs using light curves and spectra data. There are some classical indicators of stellar magnetic activity, such as L L x bol and L L H bol a (Vilhu 1984; West et al. 2015; Guinan et al. 2016; Suárez Mascareño et al. 2017 ). In the Kepler bandpass, L L flare K p was used to characterize each star's flare activity level (Lurie et al. 2015; Davenport 2016) . Gao et al. (2016) used the ratio between equivalent width (EW) of the flare and the observational time to measure the binary activity. Since the flare energy depends on stellar energy and luminosity (Balona 2015) , we define the flare activity (FA) to be the ratio of total flare energy to total stellar energy emitted during the observations:
Here, E flare å is the sum of all detectable flare energies during the whole observation; L bol was estimated using the effective temperature and stellar radius given by KIC based on the assumption that the stellar radiation follows a blackbody. This definition is straightforward because it shows the ratio of the flare energy to the total stellar energy. It should be noted that there are many microflares (Shimizu 1995) and nanoflares (Aschwanden et al. 2000) whose energies are much lower than our detection limit, and their total flare energies are difficult to estimate. Hence in our research, the flare activity only represents the superflares that last for more than one hour with the Kepler accuracy.
The Hα emission line as well as other indicators like the CaII lines and X-ray emission, is a well-known proxy for stellar activity (Reiners 2012) , which can be measured from the LAMOST spectra. The EW of Hα was estimated in a spectrum by choosing two points at 6550 and 6580 Å to set the continuum level. We checked through all the LAMOST spectra and found that all observed wavelengths of Hα of our targets are well located between these two wavelengths. The EW of Hα was then measured by integrating from 6553 to 6573 Å after flux normalization.
However, EW is not a suitable indicator of stellar activity because the continuum flux is very sensitive to the effective temperature (Reid et al. 1995) . Theoretical models thus were needed to remove the effects of effective temperature and surface gravity. We used the PHOENIX model atmospheres (Hauschildt et al. 1999; Allard et al. 2001) to transform EW to the Hα line flux, F(Hα), and then determined the flux ratio F F
The effective temperature and g log were adopted from KIC. Finally, the normalized Hα luminosity,
, was used to signify stellar activity. Figure 3 shows examples of the LAMOST spectra with different strength of Hα emission lines. The number in each pixel means that (1) the pixel was considered for the analysis of light curve, (3) the pixel was in the optimal aperture that represents the location of a star, and (0) the pixel was not used. In the left residual panel, the pixel marked with "M" is not the location of a star and was considered as contamination.
Results
In total, 4664 M dwarfs were retrieved from the Kepler archival database, and 103,817 flares were detected in 540 sources over the four-year continuous observations. 540 out of 4664 (∼11%) M-type dwarfs are flaring stars. As a comparison, Balona (2015) found 12.75% of cool stars (K and M dwarfs) were flaring stars with K 12.5 p <
. Walkowicz et al. (2011) found 373 flaring stars out of 23,000 cool dwarfs, of which 2300 were M dwarfs, with an upper detection limit of 16.2%. Davenport (2016) found a detection rate of 2.1% with no cut on 
, and the amplitude caused by starspots. The beginning and ending dates of a flare, the flare energy, and the event area, as estimated using Equations (1)-(3) are presented for each source.
A total of 133 LAMOST spectra were obtained for 89 flaring M dwarfs. Some of these stars have duplicate observations and the spectra with the highest S/N were used for analysis. 50 of them have the Hα emission line. The normalized Hα luminosity was also calculated based on the LAMOST spectra and the PHOENIX model atmospheres.
Flare Activity
The energy release of a flare is closely related to stellar activity. As to the emitted energies for our sample, 540 out of 4664 M dwarfs have flares, and the number of flares ranges from several to over 1000 ( Table 1) . For each star, the flare energy is determined by its total luminosity. Calculation of flare activity was described in Section 2.4. It is a ratio of the flare energy to the total stellar energy. Figure 4 shows the number distribution of the 540 flaring dwarfs. Their activities range from 3.23 10 8 -to 3.39 10 4 -, with the majority located between ∼1×10 −5 and 5×10 −5 . The relation between flare activity (L L flare bol ) and rotation period is presented in Figure 5 . The flare activity first increases as the rotation period decreases, until saturation occurs around a period of four days. The flare activity has a stable value near 4×10 −4 and slightly declines at 1day (Jeffries et al. 2011 ). This is the dubbed supersaturation phenomenon in the coronal X-ray emission (Wright et al. 2011) . Figure 6 illustrates the relation between flare activity and stellar effective temperature. The lengths of rotation periods are represented by the sizes of data circles. The filled circles are the flaring M dwarfs without any apparent rotation period at the accuracy level of Kepler. At stellar temperatures higher than 3200K (the spectra type near M4), the flare activity is almost stable around 8×10 −6 . For lower temperatures (<3200 K), the low-activity flaring stars disappear and the average flare activity rapidly increases by nearly one order of magnitude. At the same effective temperature, the stars with shorter rotation periods generally have stronger flare activities. It should be noted that the overall number of targets with temperatures below 3200K is much smaller than other warmer temperature bins. Table 2 presents the occurrence of flaring stars. The effective temperatures were evenly binned with a 100K width. The total numbers of all stars and the stars with flares, and the occurrence rates (in percent) are listed for each temperature bin. The occurrence rate slowly increases as the temperature declines until 3200K, where the spectral type is close to M4 and the occurrence rate starts to increase. Table 3 is an example showing the format of the flare list.
Flare Frequency Distribution
The flare frequency distribution (FFD) of M-type stars is shown in Figure 7 . In total 103,187 flares were detected for all 540 M-type dwarfs. In the sample of long-period (>10 days) flaring stars, over 30,000 flares were detected. Above the energy of 10 32 erg, the FFD is well fitted with a power-law, dN/dE∼E − α , where 2.07 0.35 a~ and the error is the noise level of the line. The two FFDs have very similar slopes, indicating that the period does not affect the FFD. The scatter of each bin was estimated using the median of absolute deviation (MAD) of the amplitudes, and then multiplied by 1.48 (Mazeh et al. 2015) . The error bar on each median value was calculated using MAD/ n , where n is the object number per bin.
Nearly 1200 flares were detected in 15 M-type dwarfs that have SC observations. Figure 8 shows the FFD of the M dwarfs with SC data, where the detection limits are much lower. Above the energy of 10 32 erg, the a index of the power law is 2.19±0.33, which is close to the value for the LC data.
As shown in Figure 7 , the frequency distribution in the lowenergy (<10 32 erg) region seems to be flat. Hawley et al. (2014) pointed out that the flares were still well detectable at this threshold energy and suggested that the flat distribution at lower energies might be real rather than due to detection limits. However, for the SC data, the FFD is not flat at low energies (Figure 8) . Besides, we can estimate the detection limits. The precision of the Kepler observations is 100ppm for a target with V=13, and the boundary condition of flare detection should be at least two data points above 3σ (300 ppm), and thus we calculated the energy detection limit for each source using Equations (1)-(3), and obtained a range of 1.8×10 29 -1.1×10 32 erg, which is coincident with where the FFD distribution becomes flat (Figure 7) . This indicates that the flat tendency is caused by detection limits.
Starspots
Along with relative movement and mutual extrusion, the magnetic field that emerges from a starspot's pair could reconnect, resulting in strong energy release, i.e., a flare. Observed amplitudes of the optical brightness modulation imply that a large fraction of the stellar photosphere is covered by cool starspots; thus the starspots are traditionally thought to be a good probe of the magnetic field strengths and flare energies (Berdyugina 2005) . For most of the flaring stars, the light-curve variation caused by starspots can be observed with Kepler to a high accuracy level when they rotate. The amplitude relative to the quiescent flux could be a proxy for the size of starspots (Candelaresi et al. 2014 ). However, they are unstable and often shift on the stellar surface, so their amplitudes could vary significantly in each rotation period. In our work, the average amplitudes were presented in Table 1 . The method adopted in this work is similar to that of McQuillan et al. (2014) , i.e., (1) to fold the light curve with time bins of rotation period in each quarter, (2) to obtain the photometric difference between the 5th and 95th percentiles of normalized flux for all the time bins, and (3) to fit and calculate the average value for all the quarters. The folding and fitting procedures are shown in Figure 9 . Figure 10 shows the correlation between the starspots amplitude and stellar flare activity. The circle size represents the length of rotation period. The blue circles are the upper limit-amplitudes of 29 flaring stars, which do not show apparent rotation periods. The positive correlation between the two parameters is clear, and the long-period M dwarfs generally have lower amplitudes. In Figure 10 , the large dispersion at a given flare activity is reasonable due to the following two factors. (i) The inclination angle of the stellar rotation with respect to the observer's line of sight has an impact on the amplitude (Mazeh et al. 2015) . If the starspots are temporarily stable on the stellar surface, they will rotate along the latitude near the equator. Consequently, observers can get the maximum light variation from the edge-on view, but from the face-on view, they cannot obtain any light variation caused by starspots. That will result in large dispersion. (ii) Another reason is the instability of starspots. Given that starspots may become stronger, shift or even disappear on the stellar surface, it would cause the amplitude of the light-curve variation to be quite different in each rotation period. Therefore, a highly active star with larger amplitude could be affected more significantly and thus exhibit large dispersion, as shown in Figure 10 .
Hα Activity
The Hα emission line is thought to be strongly affected by the magnetic field and rotation period, both of which are key to the flare mechanism. Therefore, it is a useful proxy for studying the magnetic field and stellar activity (Reiners 2012) . In our sample, there are 89 M-type flaring dwarfs, whose spectra are available from the LAMOST DR4. Among these flaring dwarfs, 50 have Hα emission and their normalized Hα luminosities were calculated and presented in Table 1 .
It will also be interesting to check the relation between the normalized Hα luminosity (L L H bol a ) and flare activity because this parameter is also a proxy for stellar activity. Note. Effective temperatures were binned by 100K; the occurrence rates (in %) of flaring stars; the averaged flare activity of each temperature bin.
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are also short-period stars with low L L H bol a such as KIC 12688403 (<4×10 −4 ), whose period is 3.045day. It implies that the flare activity might be even better correlated with rotation period than chromospheric activity. KIC 11512270 with 39 detected flares shows the weakest stellar activity, L L 6.6 10 flare bol 7
=´-, among all the active stars with Hα emission. The active level of KIC 11512270 is also the lowest in the flare activity distribution. This indicates that the lowactivity star also can produce Ha emission. Given that the dispersion of the data is relatively small and most of the spectroscopic observations are one to two years later than Kepler, this implies that the magnetic filed and the energy release mechanism on these stars are probably stable on a timescale of years.
Discussion
Flare Activity
According to the dynamo theory, the interaction between stellar rotation and convection generates magnetic fields (Parker 1979) , and rotation period is an indicator of stellar chromospheric activity. Moreover, the effects of these two parameters on the efficiency of magnetic dynamo have been combined into a single parameter, the Rossby number, by Noyes et al. (1984) . Recently, a series of papers studied the relation between stellar activity and rotation period and/or the Rossby number (Pizzolato et al. 2003; Marsden et al. 2009; Wright et al. 2011; Douglas et al. 2014; West et al. 2015; Argiroffi et al. 2016; Davenport 2016; Guinan et al. 2016; Suárez Mascareño et al. 2017 ). In the observations of coronal X-ray emission, the stellar activity-period relation can be . Folded light curve in one-quarter phase with a binning of two rotation periods. The green line is a fit to the data, and the section between the two blue dashed lines is used to define the amplitude of stellar flare.
described as three phases.
(1) The stellar activity has a negative power-law dependence on rotation period at the periods 5days, although the slope of this power law is under debate.
(2) Between the period of one and five days, the stellar activity shows a saturated state with L L 10 X bol 3 -. (3) For the very fast rotations with periods of less than one day, the stellar activity has been observed to decrease below the saturation level. This phenomenon is dubbed as "supersaturation," of which the true nature is also under debate.
Alternatively, for the indicators of chromospheric emission such as CaII and Ha lines, the saturation value is L L 10 H bol 4 a -, which is lower than X-ray emission by one order of magnitude. Moreover, the chromospheric emission indicators do not show any evidence of supersaturation (Marsden et al. 2009; Christian et al. 2011) . As shown in Figure 5 , the flare activity has a negative power-law dependence on rotation period at periods of >5days. It then reaches a saturation state with ∼5×10 −5 . Finally, the supersaturation is obviously less than oneday. All of these tendencies are similar with previous studies on X-ray emission (e.g., Wright et al. 2011; Argiroffi et al. 2016) . As flare energy mainly comes from the photosphere, these results indicate the coherence in energy release between corona and photosphere.
In our sample, there are 89 M-type flaring stars with LAMOST spectra, and 50 (55%) of them have the Hα emission, which displays a good power-law relation with flare
) a , where a∼0.44. On the other hand, the flare activity is proportional to the square of the normalized Ha luminosity. Based on this relation, the small enhancement in chromosphere activity may cause a huge rise in flare energy, which suggests that the superflares or hyperflares may not need any extra mechanism to explain such as tidal interaction, or inter-connection with other objects (Aschwanden et al. 2000; Karoff et al. 2016) . It should be noted that nearly half of the flaring M dwarfs lack the Hα emission, despite having many flares detected. Figure 12 shows the relation between flare activity and rotation period for all those stars with the LAMOST spectra available. There are two exceptions, KIC 9222296 and KIC 11925804, which do not exhibit any apparent period. The active stars have relatively short periods and high activity levels, and all the stars with rotation periods shorter than 10 days show emission lines, which implies that all the fast rotating stars have strong and stable magnetic fields.
However, above the rotation period of 10 days, the active stars are mixed with inactive ones; this mixing is quite obvious near the flare activity of 10 −6 . This may be explained by this mechanism: when magnetic reconnection occurs, the higher energy levels of hydrogen are thermalized due to collisions within photosphere and chromosphere, and tends to return to lower states after the reconnection. If the plasma recovery timescale is shorter than the average flare interval, the Hα absorption line could be observed in quiescent time. Apparently, the inactive stars do not have frequent magnetic reconnection or a short recovery timescale, which indicates that the reconnection occurs in denser plasma regions. Figure 12 shows that the boundary between the active and inactive stars is nearly 10 days in period, or 6×10 −6 in flare activity. Near this region, there is slight mixing of the active and inactive stars. If this boundary is actually 10 days, the mechanism of flares should be investigated. In Figure 7 , the FFD of long-period (>10 days) stars are similar to that of the total sample, although rapid rotation may cause strong magnetic activity. The occurrence rate of superflares can be inferred from the FFD. Including more superflares could make the slope of FFD flat. On the other hand, the similarity in slope suggests that the rotational period does not affect the occurrence of superflares, or that the generation of superflares might not be affected by one single mechanism only (such as the chromospheric activity).
Active Fraction
M-type dwarfs encompass many important regions in stellar parameter space including the onset of complete convection in the stellar interior, which occurs near the spectral type M4. Table 2 presents the number fraction of flaring stars (hereafter, flare fraction or active fraction) in each subtype. Generally, the flaring fraction increases sightly in the early subtypes and rises sharply near M4. West et al. (2004) presented a spectroscopic analysis of nearly 8000 late-type dwarfs in the Sloan Digital Sky Survey, using Hα as an activity indicator. In their sample, 5789 M-type dwarfs are between the spectral type M1 and M5, corresponding to the effective temperatures from 4000 to 3000K. They gave the active fraction using the Hα emission (hereafter, emission fraction) and found a similar tendency. A comparison between the flaring fraction and the emission fraction is presented in Figure 13 . The reason that some flaring stars do not have Hα emission has been discussed in Section 4.1, which also explains why the flare fraction is higher than the emission fraction in early subtypes. Moreover, the average flare activity is low in the early subtypes ( Table 2 ). In the intermediate subtypes, the stellar activity becomes strong, resulting in Hα emission in almost all the flaring stars and consequently similar active fractions.
As shown in Figures 13 and 14 , flare activity has similar behaviors to other indicators. Moreover, Flare activity quantifies the released stellar energy. It is a more suitable indicator for stellar activity than any emission line or rotation period, especially in the boundary region.
Supersaturation
The supersaturation effect was first observed in X-ray activity (Randich et al. 1996) . The clues of supersaturation in M dwarfs were then reported through X-ray observations (James et al. 2000) . Argiroffi et al. (2016) found that supersaturation is better described by rotation period than the Rossby number. Which of the two theories is responsible for the mechanism of supersaturation is still under debate today.
One is the centrifugal stripping proposed by Jardine & Unruh (1999) . This theory argues that as the corotation radius of a rapidly rotating star becomes very close to stellar surface, the volume outside the corotation radius decreases; this is an important factor for stable coronal structure. As a result, the luminosity of coronal X-ray emission decreases.
The other mechanism is the polar up-drift migration proposed by Stepień et al. (2001) . This theory assumes that the polar up-drift migration is caused by the nonuniform heating that characterizes the base of the convective envelope. It explains that at high rotation velocities, active regions preferentially concentrate near the stellar poles and coronal plasma. It thus reduces the filling factor and, subsequently, decreases the X-ray emission.
The fundamental difference between these two theories is in the underlying structure of coronal loops that give rise to X-ray emission. Moreover, if coronal supersaturation were caused by the migration of active regions toward the poles, one might expect to see supersaturation in chromospheric emission as well. A series of papers have studied the chromosphere supersaturation in a sample of F-, G-, K-, and M-type stars but found no evidence for a decline in the chromospheric activity (Marsden et al. 2009; Jackson & Jeffries 2010; Argiroffi et al. 2016) . Figure 14 shows the relation between rotation period and normalized Hα luminosity, which is the indicator of chromospheric activity. It can be inferred from this figure that there is no evidence for the existence of the supersaturation region, which is consistent with previous studies (Marsden et al. 2009; Christian et al. 2011; Argiroffi et al. 2016) .
Besides, if the active regions migrate toward the poles, the light-curve variation caused by starspots, which formed on the photosphere, should consequently reduce. Figure 15 shows the relation of their amplitudes with rotation period. Due to the inclination angles, there are a few outliers below 10days whose amplitudes are apparently lower than 10,000ppm, but the saturation region can be seen at periods of <5 days. No decrease in the amplitude is found in short-period objects, which implies that there is no apparent migration toward the poles. As a result, our study probably prefers the theory of centrifugal stripping.
Magnetic Field of the M Flaring Star
Most of our current knowledge about magnetic fields on cool stars and in starspots is based on the measurements of Zeeman broadening, which reveal the distribution of magnetic field strengths with little dependence on field geometry, which is unknown for most cases (Robinson 1980; Saar et al. 1986; Valenti & Johns-Krull 2001) . The size of the starspots that reveal the magnetic filed (Berdyugina 2005) has a good positive correlation with stellar activity (Figure 10) , indicating that the stellar activity is mainly determined by the magnetic filed. Most of the flare energy is due to the release of magnetic energy (e.g., Sun et al. 2012) , which can be estimated from the field strength within a certain volume V: . We can estimate a range of the magnetic field strength from several hundred Gauss to ∼100k Gauss using the flare energy. Reiners et al. (2012) did statistical studies of 93 M-type dwarfs, and found that their average magnetic field strength is several kilogauss. Our result is thus reasonable and implies that the superflares do not have very strong magnetic fields.
Among the 540 flaring M dwarfs, McQuillan et al. (2014) and Reinhold et al. (2013) derived rotation periods for 421 of them, and another 90 were measured in this work using the light-curve variation caused by starspots rotation. There are 29 stars that do not show any apparent period. The reason may be threefold: (i) the inclination angle and low-activity level lead to the small amplitude of the light curve at the accuracy level of Kepler; (ii) their rotation periods are so long that they exceed one quarter (90 days), resulting in low visibility in the frequency spectrogram; and (iii) there are polar spots on fast rotating stars (Schüssler & Solanki 1992) , and the light variation cannot be seen through rotation. However, it is interesting to find that some of them show many superflares and display a high level of activity. This phenomenon will be explored in a future paper.
Summary
We present 540 flaring M dwarfs in the Kepler fields with 103,187 flares detected using the Kepler long-cadence (LC) data. Their energies are estimated, and the normalized flare activities, L L flare bol , are measured for each star. Through analysis, we find that this parameter is a good indicator for (1) The L L flare bol versus P rot relation is rather similar to L L X bol versus P rot in that there are also three phases: supersaturation, saturation, and exponential decay, corresponding to the ultra-short period, short period, and long period.
(2) The flare activity and the flare fraction in M dwarfs show a steep rise near spectral type M4, which is consistent with the prediction of turbulent dynamo. The flare fraction is higher than the emission fraction in early subtypes, and these two fractions become similar in the intermediate subtype.
(3) The size of starspots is positively correlated with the flare activity. However, this relation largely depends on the inclination angle.
(4) There is a power-law dependence of flare activity on the indicator of chromospheric emission, L L L L H bol flare bol a ( ) a , where a∼0.44. This relation is important because it reflects the correlation between chromospheric activity and energy release from the photosphere. Based on this relation, the small enhancement in chromospheric activity may cause a huge rise in flare energy, indicating that the superflares or hyperflares may not need an extra mechanism to generate (Shibayama et al. 2013; Davenport 2016) .
A period of 10 days or a flare activity level of 6×10 −6
could be a boundary between the active and inactive stars.
Above this boundary, all the flaring M dwarfs have Hα emission. Flares are also detected in the inactive stars, which could be explained by the long flare interval or short recovery timescale.
The relation between rotation period and the normalized Hα luminosity, as well as the size of starspots, shows no evidence of supersaturation, suggesting that the theory of centrifugal stripping could be at work.
The FFD has a power-law distribution, dN/dE∼E −α (α∼2.07±0.35). The long-and short-period stars show a similar slope in distribution, indicating that the superflares have the same mechanism. It should be noted that, because our flare samples are incomplete, the error bars in these figures are based on the samples of unknown completeness and therefore have undefined reliability.
